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目前白光发光二极管（white light–emitting diode, WLED）的主流方案是：用




镁钡荧光粉（Ba3MgSi2O8: Eu2+, Mn2+）和可产生绿光的荧光粉将是实现 WLED
的一个创新方案。 
Ba3MgSi2O8: Eu2+, Mn2+荧光粉中总含有少量中间相 Ba2SiO4。Ba2SiO4: Eu2+
在近紫外激发下，虽可发射绿光，但其含量难以控制。因此制备纯相的
Ba3MgSi2O8: Eu2+, Mn2+荧光粉显得重要。本文首次采用非均相沉淀法制备





Ba3MgSi2O8: Eu2+, Mn2+荧光粉；第二部分是，用非均相沉淀法制备 Ba3MgSi2O8: 
Eu2+, Mn2+荧光粉；各部分都研究了制备工艺参数对荧光粉的相纯度和发光强度
的影响。所获结论如下： 
一、采用高温固相反应法制备名义组成为 Ba2.88MgSi2O8: 0.02Eu2+, 0.1Mn2+
荧光粉所获结论： 
在 1200 ℃热处理 4 h 时，Ba3MgSi2O8 晶相开始生成。纳米级 SiO2 为 Si4+源
合成的样品主晶相发射峰强度、相纯度比微米级 SiO2 的低。按 Ba3MgSi2O8、
Sr3MgSi2O8、Ca3MgSi2O8 基顺序的荧光粉，激发强度和发射强度都逐渐下降。 


















的 5d → 4f 跃迁发射；605 nm 红光发射是占据 Ba3MgSi2O8 晶格上 Ba2+格位的
Mn2+离子的 3d5 能级的 4T1 → 6A1 跃迁发射；500 nm 绿光发射来源于 Ba2SiO4 晶
格上置换 Eu2+的 5d→ 4f 能级跃迁。 
（2）在 1150 ℃热处理 4 h 时，已有 Ba3MgSi2O8 晶相形成，此热处理温度
比高温固相反应法低。Eu2+含量 x = 0.02，Mn2+ 含量 y = 0.1 时，435 nm 蓝光和
605 nm 红光发射 强。确定了(NH4)2CO3 过量 30 %、金属离子浓度为 0.30 mol/ L、
沉淀反应温度为 40 ℃、采用反向滴定、加入 Si4+偏离化学计量比的量为 10 %、
助熔剂添加量为 20 ~ 30 %时可以获得 佳的相纯度和发光强度。 
 



















































The current mainstream of the fabrication for white light-emitting diode (WLED) 
is combination of a blue light-emitting diode (LED) and yellow-emitting phosphor 
Ce3+ doped YAG. However such a white light devices has a low color rendering index 
because the emission color from it changes with the variation of drive voltage and 
phosphor coating thickness. One innovative approach to fabricate WLED is to 
combine a near–ultraviolet light–emitting diode (near–UV LED) with blue and 
red-emitting Ba3MgSi2O8: Eu2+, Mn2+ phosphor and green-emitting phosphor.  
Ba3MgSi2O8: Eu2+, Mn2+ phosphors always contain small amounts of 
intermediate phase Ba2SiO4. Under near-UV LED excitation, Ba2SiO4: Eu2+ phosphor 
shows green emission, but the amounts of Ba2SiO4 are difficult to control. For this 
reason, preparing purity-phase Ba3MgSi2O8: Eu2+, Mn2+ phosphor is important. In this 
research, heterogeneous precipitation method was first introduced to prepare 
Ba3MgSi2O8: Eu2+, Mn2+ phosphor. In this method Ba2+, Mg2+, Mn2+ and Eu3+ through 
co-precipitation were  mixed well and the diffusion distances were shorten when 
they react with each other, so the solid-state reaction was easier. It is hopeful to 
prepare purity-phase phosphor at lower heat treating temperature. The spherical 
phosphor which was prepared successfully by this method could improve luminescent 
properties. 
There are tow parts in this investigation. First, Ba3MgSi2O8: Eu2+, Mn2+ 
phosphor has been prepared by high temperature solid-state method. Second, 
Ba3MgSi2O8: Eu2+, Mn2+ phosphor has been prepared by heterogeneous precipitation 
method. The influence of technics to phase purity and luminescent intensity are both 
investigated in the two parts. The conclusions are given as follows:  
1. Nominal composition of Ba2.88MgSi2O8: 0.02Eu2+, 0.1Mn2+ phosphor has been 
prepared by high temperature solid-state method. As follows: 
Ba3MgSi2O8 phase was observed after heat treatment at 1200 ℃ for 4 h. The 
phosphor had higher luminescent intensity and phase purity when using micron-silica 
as silica source than using nano-silica in preparation. Excitation and emission 
intensity of phosphor was Ba3MgSi2O8 > Sr3MgSi2O8 > Ca3MgSi2O8.  
















prepared by heterogeneous precipitation method. As follows: 
(1) The origin of emission peaks have been verified that the emission peak at 435 
nm is assigned to 5d → 4f electron transitions of Eu2+ occupying Ba2+ sites of 
Ba3MgSi2O8; the emission peak at 605 nm results from 4T1 → 6A1 electron transitions 
on the 3d5 level of Mn2+ occupying Ba sites as well; the emission peak at 500 nm 
originates from 5d → 4f electron transitions of Eu2+ adoped BaSiO4. 
(2) Ba3MgSi2O8 phase was obtained after heat treatment at 1150 ℃ for 4 h. The 
heat treatment temperature was lower than high temperature solid-state method. When 
x = 0.02, y = 0.1, the intensity of blue emission at 435 nm and red emission at 605 nm 
of phosphor achieved amaximum. Determined the parameter of technics: the most 
optimum luminescent intensity and phase purity of the phosphor were obtained when 
the amount of (NH4)2CO3 was over 30 %, the concentration of metal ions about 0.30 
mol⁄ L, using inverse titration, SiO2 over 10 %, the precipitation temperature at 40 ℃, 
the amount of NH4Cl flux 20 ~ 30 %. 
 





































害；模拟自然光，显色指数接近 100。1993 年[3]日本首先在 InGaN 的蓝色 LED
上获得技术突破，并于 1996 年实现白光发光二极管（white light-emitting diode, 
WLED），近几年正向第四个照明光源的发展阶段—以 WLED 为主的半导体照明
光源的方向发展。半导体照明，是 21 世纪 具有发展前景的高新技术领域，有
可能成为替代白炽灯、荧光灯的新型固体光源。与传统照明光源相比，被誉为第
































1.2 WLED 技术 
1.2.1 LED 的发光机理 
半导体发光二极管（light-emitting diode, LED）是由 p 型半导体形成的 p 层
和 n 型半导体形成的 n 层，以及中间的由双异质结构构成的有源层组成，有源层
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